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© Means for amplifying nucleic acid sequences. 

\ ■ . . ..." 
® The present invention is directed to a means for exponentially amplifying at least one specific nucleic acid 
sequence contained in a nucleic acid or a mixture of nucleic acids wherein each nucleic acid consists of two 
separate complementary strands, of equal or unequal length, or is single-stranded, which means comprise 
primer for each different specific nucleic acid sequence being amplified selected so as to provide a primer which 
is substantially complementary to each. of the different strands of each specific sequence being amplified. 
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The present .nvent.on relates to means for use in a process for amplifying existing nucleic acid 
sequences. More specifically, it relates to means for use in a process for producing any particular nucleic 
acid sequence from a given sequence of DNA or RNA in amounts which are large compared to the amount 
initially present. The DNA or RNA may be single- or double-stranded, and may be a relatively pure species 
or a component of a mixture of nucleic acids. The process utilizes a repetitive reaction to accomplish the 
amplification of the desired nucleic acid sequence. 

For diagnostic applications in particular, the target nucleic acid sequence may be only a small portion 
of the DNA or RNA in question, so that it may be difficult to detect its presence using nonisotopicaJly 
labeled or end-labeled oligonucleotide probes. Much effort is being expended in increasing the sensitivity of 
the probe detection systems, but little research has been conducted on amplifying the target, sequence so 
that it is present in quantities sufficient to be readily detectable using currently available methods. 

SeveraJ methods have been described in the literature for the synthesis of nucleic acids de novo or 
from an existing sequence. These methods are capable of producing large amounts of a given nucleic acid 
of completely specified sequence. 

One known method for synthesizing nucleic acids de novo involves the organic synthesis of a nucleic 
acid from nucleoside derivatives. This synthesis may be performed in solution or on a solid support. One 
type of organic synthesis is the 'phosphotriester method, which has been utilized to prepare gene fragments 
or short genes. In the phosphotriester method, oligonucleotides are prepared which can then be joined 
together to form longer nucleic acids. For a description of this method, see Narang. S.A., et ai Meth 
Enzymol., 68 . 90 (1979) and U.S. Patent No. 4.356,270. The patent describes the synthesis and cloniTufol 
the somatostatin gene. 

A second type of organic synthesis is the phosphodiester method, which has been utilized to prepare a 
tRNA gene. See Brown, E.L., et al.. Meth. Enzymol. , 68, 109 (1979) for a description of this method. As in 
the phosphotriester method, the phosphodiester method involves synthesis of oligonucleotides which are 
subsequently joined together to form the desired nucleic acid. 

Although the above processes for de novo synthesis may be utilized to synthesize long strands of 
nucleic acid, they are not very practical to use for the synthesis of large amounts of a nucleic acid. Both 
processes are laborious and time-consuming, require expensive equipment and reagents, and have a low 
overall efficiency. The low overall efficiency may be caused by the inefficiencies of the synthesis of the 
oligonucleotides and of the joining reactions. In the synthesis of a long nucleic acid, or even in the 
synthesis of a large amount of a shorter nucleic acid, many oligonucleotides would need to be synthesized 
and many joining reactions would be required. Consequently, these methods would not be practical for 
synthesizing large amounts of any desired nucleic acid. 

Methods also exist for producing nucleic acids in large amounts from small amounts of the initial 
existing nucleic acid. These methods involve the cloning of a nucleic acid in the appropriate host system, 
where the desired nucleic acid is inserted into an appropriate vector which is used to transform the host 
When the host is cultured the vector is replicated, and hence more copies of the desired nucleic acid are 
produced. For a brief description of subcloning nucleic acid fragments, see Maniatis, T.. et al.. Molecular 
Cloning: A Laboratory Manual , Cold Spring Harbor Laboratory, pp. 390>401 (1982). See also the techniques 
described in US Patent Nos. 4.416,988 and 4.403,036. 

A third method for synthesizing nucleic acids, described in U.S. Patent No. 4.293,652, is a hybrid of the 
above-described organic synthesis and molecular cloning methods. In this process, the appropriate number 
of oligonucleotides to make up the desired-nucleic acid sequence is organically synthesized and inserted 
sequentially Into a vector which is amplified by growth prior to each succeeding insertion. 

The present process hears some similarity to the molecular cloning method; however, it does not 
involve the propagation of any organism and thereby avoids the possible hazards or inconvenience which 
this entails. The process also does not require synthesis of nucleic acid sequences unrelated to the desired 
sequence, and thereby the present invention obviates the need for extensive purification of the product from 
a complicated biological mixture. 

The present invention is based upon a process for amplifying one or more specific nucleic acid 
sequences present in a nucleic acid or mixture thereof using primers and inducing agents. The extension 
product of one primer when hybridized to the other becomes a template for the production of the desired 
specific nucleic acid sequence, and vice versa, and the process is repeated as often as is necessary to 
produce the desired amount of the sequence. This method is expected to be more efficient than the 
methods described above for producing large amounts of nucleic acid from a target sequence and to 
produce such nucleic acid in a comparatively short period of time. The method is especially useful for 
amplifying rare species of nucleic acid present in a mixture of nucleic acids for effective detection of such 
species. 
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In Kleppe et al.. J. Mol. Biol. 56 : 341 (1971), a process is described for synthesizing DNA using 
primerinitiated. template-directed repair replication, and it is suggested that cycles of replication could be 
repeated, adding every time a fresh dose of DNA polymerase. However, there is no suggestion that primer 
extension products must be complete enough to be able to form stable primer-template complexes in order 
s to serve as templates for primers in subsequent rounds of primer extension, and that only by forming such 
complexes and serving as complete templates in subsequent rounds is exponential in vitro amplification 
possible. 

More specifically, the present invention provides means for exponentially amplifying at least one 
specific nucleic acid sequence contained in a nucleic acid or a mixture of nucleic acids wherein each 
to nucleic acid consists of two separate complementary strands, of equal or unequal length, or is single- 
stranded, which means comprise primer for each different specific nucleic acid sequence being amplified 
selected so as to provide a primer which is substantially complementary to each of the different strands of 
each specific sequence being amplified. 

Co-pending European Patent No 200362 discloses processes for detecting and cloning amplified 
rs nucleic acid sequences wherein these sequences have been amplified using the method of the present 
application, and the present Application is divided from European Application No 86 302299.2. 

The present invention may be useful not only for producing large amounts of an existing nucleic acid of 
completely specified sequence, but also for producing nucleic acid sequences which are known to exist but 
are not completely specified. In either case an initial copy of the sequence to be amplified must be 
20 available, although it need not be pure or a discrete molecule. 

Figure 1 illustrates a 94 base pair length sequence of human jS-globin desired to be amplified. The 
single base pair change which is associated with sickle cell anemia is depicted beneath the 94-mer. 

Figure 2 illustrates an autoradiograph of polyacrylamide gel electrophoresis demonstrating amplification 
of the 94-mer contained in human wild-type DNA and in a plasmid containing a 1 .9 kb BamHI fragment of 
25 the normal 0-globin gene (designated pBR328:HbA). " 

Figure 3 illustrates an autoradiograph of polyacrylamide gel ejectrophoresis demonstrating amplification 
of any of the specific target 94-mer sequence present in pBR328:HbA, a plasmid containing a 1.9 kb BamHI 
fragment of the sickle cell allele of £-globin (designated pBR328:HbS), pBR328:HbA where the sequence to 
be amplified is cleaved with Mstll, and pBR328:HbS where the sequence to be amplified has been treated 
so but not cleaved with Mstll. 

Figure 4 illustrates in detail the steps and products of the polymerase chain reaction for amplification of 
the desired 94-mer sequence of human 0-globin for three cycles using two oligonucleotide primers. 

Figure 5 represents an autoradiograph of polyacrylamide gel electrophoresis demonstrating amplifica- 
tion after four cycles of a 240-mer sequence in pBft328:HbA, where the aliquots are digested with Ncol - 
35 (Lane 3), Mstll (Lane 4) or Hinfl (Lane 5). Lane 1 is the molecular weight standard and Lane 2 containslFie 
intact 240-cp product 

Rgure 6 jllustrates the sequence of the normal (0 A ) and sickle cell (0 s ) tf-globin genes in the region of 
the Ddel dnd Hinfl restriction sites, where the single lines for mark the position of the Ddel site (CTGAG) 
and the double bars for 0* and 0 s mark the position of the Hinfl site (GACTC). 
40 Rgure 7 illustrates the results of sequential digestion ofnormal 0-globin using a 40-mer probe and Ddel 
followed by Hinfl restriction enzymes. . 

Rgure 8 illustrates the results of sequential digestion of sickle 0-gtobin using the same 40-mer probe as 
in Rgure 7 and Dde l followed by Hinf l restriction enzymes. 

Rgure 9 illustrates an autoradiograph of polyacrylamide gel electrophoresis demonstrating the use of 
45 the same 40-mer probe as in Rgure 7 to specifically characterize the beta-globin alleles present in samples 
of whole human DNA which have been subjected to amplification by the present method. 

Rgure 10 illustrates a photograph of a 6% NuSieve agarose gel visualized using ethidium bromide and 
UV light. This photograph demonstrates amplification of a sub-fragment of a 110-bp amplification product 
which sub-fragment is an inner nested set within the 1 10-bp fragment 
so The term "oligonucleotide* as used herein in referring to primers, probes, oligomer fragments to be 
detected, oligomer controls and unlabeled blocking oligomers is defined as a molecule comprised of two or 
more deoxyribonucleotides or ribonucleotides, preferably more than three. Its exact size will depend on 
many factors, which in turn depend on the ultimate function or use of the oligonucleotide. 

The term "primer" as used herein refers to an oligonucleotide whether occurring naturally as in a 
ss purified restriction digest or produced synthetically, which is capable of acting as a point of initiation of 
synthesis when placed under conditions in which synthesis of a primer extension . product which is 
complementary to a nucleic acid strand is induced, i.e.. in the presence of nucleotides and an inducing 
agent such as DNA polymerase and at a suitable temperature and pH. The primer is preferably single 
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stranded for maximum efficiency in amplification, but mav alternatix/Aix, h« h~ ^ 

stranded, the primer is first treated to seoarate its ,11 J < alt ° mat,vely double stranded. If double 

Preferably, the primer is an oti^^^ u8 ? d t0 prep *° tension products, 

synthesis of extension p^ 7* b9 Sufficien «y *> prime the 

; depend on many factors, Incl^^SS^ ^ 9 ^ °' the prime ' S wiil 

diagnostics applications. depenZ *? °' the method ' For for 

typically contains 15-25 or more nuc^ *** f8qU8nCe ' th6 0,i 9° n ^leotide primer 

applications, the oligonucleodde ^ T n ™T ^ nUC,8 ° tideS ' For other 

As used herein, the terms "restriction endonucleases" and v«ct«wi^ JT - . P 
The term "restriction fragment length polymorphism" /"RR p»\ tK „ 

ssi h me ien9ths 01 « « b i R srs rSerrsrs 

Any source of nucleic acid, in purified or nonpurified form can be utilize « th« e*^,, 

material such as chorionic villi or amniotic cells bv a usriah, mV-CT extr * cted from blood - "ssue 
Maniatiset al.. Molecular Cloning (19K) 2^-281 ' * °' teCh ™ qUeS SUCh M ,ha « described b V 

Any specific nucleic acid sequence can be produced by the present process. It is only necessary ma, a 
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sufficient number of bases at both ends of the sequence be known in sufficient detail so that two 
oligonucleotide primers can be prepared which will hybridize to different strands of the desired sequence 
and at relative positions along the sequence such that an extension product synthesized from one primer, 
when it is separated from its template (complement), can serve as a template for extension of the other 

5 primer into a nucleic acid of defined length. The greater the knowledge about the bases at both ends of the 
sequence, the greater can be the specificity of the primers for the target nucleic acid sequence, and thus 
the greater the efficiency of the process. It will be understood that the word primer as used hereinafter may 
refer to more than one primer, particularly in the case where there is some ambiguity in the information 
regarding the terminal sequence(s) of the fragment to be amplified. For instance, in the case where a 

jo nucleic acid sequence is inferred from protein sequence information a collection of primers containing 
sequences representing all possible codon variations based on degeneracy of the genetic code will be used 
for each strand. One primer from this collection will be 100% homologous with the end of the desired 
sequence to be amplified. 

The oligonucleotide primers may be prepared using any suitable method, such as. for example, the 

is phosphotriester and phosphodiester methods described above, or automated embodiments thereof. In one 
such automated embodiment diethylphosphoramidites are used as starting materials and may be syn- 
thesized as described by Beaucage et at., Tetrahedron Letters (1981). 22:1859-1862. One method for 
synthesizing oligonucleotides on a modified solid support is described in U.S. Patent No. 4,458.066. It is 
also possible to use a primer which has been isolated from a biological source (such as a restriction 

20 endonuclease digest). 

The specific nucleic acid sequence is produced by using the nucleic acid containing that sequence as a 
template, tf the nucleic acid contains two strands, it is necessaryjo separate the strands of the nucleic acid 
before it can be used as the template, either as a separate step or simultaneously with the synthesis of the 
primer extension products. This strand separation can be accomplished by any suitable method including 

25 physical, chemical or enzymatic means. One physical method of separating the strands of the nucleic acid 
involves heating the nucleic acid until it is completely (>99%) denatured. Typical heat denaturation may 
involve temperatures ranging from about 80 to 105' C for times ranging from about 1 to 10 minutes. Strand 
separation may also be induced by an enzyme from the class of enzymes known as helicases or the 
enzyme RecA, which has helicase activity and in the presence of riboATP is known to denature DNA. The 

30 ' reaction conditions suitable for separating the strands of nucleic acids with helicases are described by Kuhn 
Hoffmann-Beriing, CSH-Ouantitative Biology. 43:63 (1978). and techniques for using RecA are reviewed in 
C. Radding, Ann. Rev. Genetics. 16:405-37 (1982). 

' If the original nucleic acid containing the sequence to be amplified is single stranded, its complement is 
synthesized by adding one or two oligonucleotide primers thereto. If an appropriate single primer is added. 

35 a primer extension product is synthesized in the presence of the primer, an inducer or catalyst of the 
synthesis and the four nucleotides described below. The product will be partially complementary to the 
single-stranded nucleic acid and will hybridize with the nucleic acid strand to form a duplex of unequal 
length strands that may then be separated into single strands as described above to produce two single 
separated complementary strands. Alternatively, two appropriate primers may be added to the single- 

40 stranded nucleic acid and the reaction carried out 

If the original nucleic acid constitutes the sequence to be amplified, the primer extension product(s) 
produced will be completely complementary to the strands of trie original nucleic acid and will hybridize 
therewith to form a duplex of equal length strands to be separated into single-stranded molecules. 

When the complementary strands of the nucleic acid or acids are separated, whether the nucleic acid 

45 was originally double or single stranded, the strands are ready to be used as a template for the synthesis of 
additional nucleic add strands. This synthesis can be performed using any suitable method. Generally it 
occurs in a buffered aqueous solution, preferably at a pH of 7-9, most preferably about 8. Preferably, a 
molar excess (for cloned nucleic acid, usually about 1000:1 primertemplate, and for genomic nucleic acid. 
'■>■■ usually about 10*:1 primentemplate) of the two oligonucleotide primers is added to the buffer containing the 

so separated template strands. It is understood, however, that the amount of complementary strand may not 
be. known if the process herein is used for diagnostic applications, so that the amount of primer relative to 
the amount of complementary strand cannot be determined with certainty. As a practical matter, however, 
the amount of primer added will generally be in molar excess over the amount of complementary strand 
(template) when the sequence to be amplified is contained in a mixture of complicated long-chain nucleic 

55 acid strands. A large molar excess is preferred to improve the efficiency of the process. 

The deoxyribonucleoside triphosphates dATP, dCTP. dGTP and TTP are also added to the synthesis 
mixture in adequate amounts and the resulting solution is heated to about 90-100* C for from about 1 to 10 
minutes, preferably from 1 to 4 minutes. After this heating period the solution is allowed to cool to room 
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temperature, which is preferable for the primer hybridization. To the cooled mixture is added an appropriate 
agent for inducing or catalyzing the primer extension reaction (herein called "inducing agent"), and the 
reaction is allowed to occur under conditions known in the art. This synthesis reaction may occur at from 
room temperature up to a temperature above which the inducing agent no longer functions efficiently. Thus, 

5 for example, if DNA polymerase is used as inducing agent, the temperature is generally no greater than 
about 40* C. Most conveniently the reaction occurs at room temperature. 

The inducing agent may be any compound or system which will function to accomplish the synthesis of 
primer extension products, including enzymes. Suitable enzymes for this purpose include, for example. E. 
coli DNA polymerase I, Klenow fragment of E. coli DNA polymerase I, T4 DNA polymerase, other available 

10 DNA polymerases, reverse transcriptase, and other enzymes, inclinding heat-stable enzymes, which will 
facilitate combination of the nucleotides in the proper manner to form the primer extension products which 
are complementary to each nucleic acid strand. Generally, the synthesis will be initiated at the 3* end of 
each primer and proceed in the 5* direction along the template strand, until synthesis terminates, producing 
molecules of different lengths. There may be inducing agents, however, which initiate synthesis at the 5' 

is end and proceed in the other direction, using the same process as described above. 

The newly synthesized strand and its complementary nucleic acid strand form a double-stranded 
molecule which is used in the succeeding steps of the process. In the next step, the strands of the double- 
stranded molecule are separated using any of the procedures described above to provide single-stranded 
molecules. 

20 New nucleic acid is synthesized on the single-stranded molecules. Additional inducing agent, 
nucleotides and primers may be added if necessary for the reaction to proceed under the conditions 
prescribed above. Again, the synthesis will be initiated at one end of the oligonucleotide primers and will 
proceed along the single strands of the template to produce additional nucleic acid. After this step, half of 
the extension product will consist of the specific nucleic acid sequence bounded by the two primers. 

25 The steps of strand separation and extension product synthesis can be repeated as often as needed to 
produce the desired quantity of the specific nucleic acid sequence. As will be described in further detail 
below, the amount of the specific nucleic acid sequence produced will accumulate in an exponential 

t fashion. 

When it is desired to produce more than one specific nucleic acid sequence from the first nucleic acid 

30 or mixture of nucleic acids, the appropriate number of different oligonucleotide primers are, utilized. For 
example, if two different specific nucleic acid sequences are to be produced, four primers are utilized. Two 
of the primers are specific for one of the specific nucleic acid sequences and the other two primers are 
specific for the second specific nucleic acid sequence. In this manner, each of the two different specific 
sequences can be produced exponentially by the present process. 

35 The present invention can be performed in a step-wise fashion where after each step new reagents are 
added, or simultaneously, where ail reagents are added at the initial step, or partially step-wise and partially 
simultaneous, where fresh reagent is added after a given number of steps. If a method of strand separation, 
such as heat, is employed which will inactivate the inducing agent, as in the case of a heat-labile enzyme, 
then it is necessary to replenish the inducing agent after every strand separation step. The simultaneous 

40 method may be utilized when an enzymatic means is used for the strand separation step. In the 
simultaneous procedure, the reaction mixture may contain, in addition to the nucleic acid strand(s) 
containing the desired sequence, the strand-separating enzyme (e.g. , helicase) , an appropriate energy 
source for the strand-separating enzyme, such as rATP, the four nucleotides, the oligonucleotide primers in 
molar excess, and the inducing agent, e.g., Klenow fragment of F. coli DNA polymerase I. If heat is used for 

45 denaturation in a simultaneous process, a heat-stable inducing agent such as a thermostable polymerase 
may be employed which will operate at an elevated temperature, preferably 65-90 *C depending on the 
inducing agent at which temperature the nucleic acid will consist of single and double strands in 
equilibrium. For smaller lengths of nucleic acid, lower temperatures of about 50 *C may be employed. The 
upper temperature will depend on the temperature at which the enzyme will degrade or the temperature 

so above which an insufficient level of primer hybridization will occur. Such a heatstable enzyme is described, 
e.g., by A. S. Kaledin et al.. Biokhimiya, 45, 644-651 (1980). Each step of the process will occur sequentially 
notwithstanding the initial presence of all the reagents. Additional materials may be added as necessary. 
After the appropriate length of time has passed to produce the desired amount of the specific nucleic acid 
sequence, the reaction may be halted by inactivating the enzymes in any known manner or separating the 

55 components of the reaction. 

The 'process of the present invention may be conducted continuously. In one embodiment of an 
automated process, the reaction may be cycled through a denaturing region, a reagent addition region, and 
a reaction region. In another embodiment, the enzyme used for the synthesis of primer extension products 
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can be immobilized in a column. The other reaction components can be continuously circulated by a pump 
through the column and a heating coil in series, thus the nucleic acids produced can be repeatedly 
denatured without inactivating the enzyme. 

The process applied in the present invention is demonstrated diagrammatically below where double- 
5 stranded ON A containing the desired sequence [S] comprised of complementary strands {S*l and [S] is 
utilized as the nucleic acid. During the first and each subsequent reaction cycle extension of each 
oligonucleotide primer on the original template will produce one new ssDNA molecule product of indefinite 
length which terminates with only one of the primers! These products, hereafter referred to as "long 
products." will accumulate in a linear fashion; that is, the amount present after any number of cycles will be 
ro proportional to the number of cycles. 

The long products thus produced will act as templates for one or the other of the oligonucleotide 
primers during subsequent cycles and will produce molecules of the desired sequence [S*] or [S*] These 
molecules will also function as templates for one or the other of the oligonucleotide primers, producing 
further [S*] and [Sr], and thus a chain reaction can be sustained which will result in the accumulation of [S] 
75 at an exponentiaJ rate relative to the number of cycles. 

By-products formed by oligonucleotide hybridizations other than those intended are not self-catalytic 
(except in rare instances) and thus accumulate at a linear rate. 

The specific sequence to be amplified, [S], can be depicted diagrammaticaJly as: 

20 

[S + ] 5* AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3 1 

LS J 3' TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 

25 The appropriate oligonucleotide primers would be: 

Primer 1: GGGGGGGGGG 
Primer 2: AAAAAAAAAA 



30 



so that if DNA containing [S] 



. . . .ZZZZ2222Z2ZZ22ZZAAAAAAAAAAXXXXXXXXXXCCCCCCCCCC22ZZ222ZZZ22Z222 

35 22Z22222Z222Z2Z2TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG22Z2Z22222.222Z22 

is separated into single strands and its single strands are hybridized to Primers 1 and 2, the following 
extension reactions can be catalyzed by DNA polymerase in the presence of the four deoxyribonucleoside 
40 triphosphates: 



45 



so 
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3' 5' 

extends < GGGGGGGGGG Primer 1 

....ZZZZ2ZZZ22ZZZ2ZZAAAAAAAAAAXXXXXXXXXXCCCCCCCCCC2Z2Z22Z2ZZ2ZZZZZ. 

original template strand* 
original template strand" 

....ZZZZZZZZZZ2ZZZZ2TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG2Z222ZZZZZ2222ZZ. 
Primer 2 AAAAAAAAAA extends 

On denaturation of the two duplexes formed, the products are: 

. 3 * 5' 
. . * - Z22ZZZZZ2ZZZZ22ZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 
newly synthesized long product 1 



5' 

....zzzzzz2ZZ2ZZZZ22AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzz2ZZZZZzz 
original template strand* 



3' 



3' 5 , 

• . * •ZZZZZZZZ2Z2222ZZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGZ2222222ZZ22ZZZZ. 
original template strand" 

AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC222ZZZZZZZZZZZZZ. . . . 
newly synthesized long product 2 

If these four strands are allowed to rehybridize with Primers 1 and 2 in the next cycle, inducing agent will 
catalyze the following reactions: 
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Primer 2 5' AAAAAAAAAA -^extends to here 

3\;..ZZZZZZ2Z22Z2222zzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 

extends k GGGGGGGGGG 5* Primer 1 

5* ZZZZ22Z2ZZ2ZZZAAAAAAAAAAXXXXXXXXXXCCCCCCCCCC222ZZ22222Z222 3' 

original template strand* 

Primer 2 5* AAAAAAAAAA extends 

3' zzzzzz2ZZZZ2ZZ22Z2TTTTTTTTTTYYYYYYYYYGGGGGGGGGGzzzzzzzzzz 5 1 

original template strand" 

extends to here<; — GGGGGGGGGG 5' Primer 1 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzZ2ZZZZzzzzz22Z • .3* 
newly synthesized long product 2 

If the strands of the above four duplexes are separated, the following strands are found: 

5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3* 
newly synthesized [S + ] 

3' ZZZZZZZZZZZ2ZZ2Z2ZZTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5 1 

first cycle synthesized long product 1 

3' zzzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 

newly synthesized long product 1 

5' zzzzzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz...^' 

original template strand* 

5 l AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzz22ZZZzzzzzzzz..•3 , 
newly synthesized long product 2 

3^.zzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzz2Z...5 , 
original template strand" 

3* TTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized [S~] 

5' A AAAAAAAAAX XXXXXXXXXCCCCCCCCCCzzzzzzzzzz zzzzz. . .3' 
first cycle synthesized long product 2 

It is seen, that each strand, which terminates with the oligonucleotide sequence of one primer and the 
complementary sequence of the other is the specific nucleic acid sequence [S] that is desired to be 
produced. 

TTie steps of this process can be repeated indefinitely, being limited only by the amount of Primers 1 
and 2. inducing agent and nucleotides present The amount of original nucleic acid remains constant in the 
entire process, because it is not replicated. The amount of the long products increases linearly because 
they are produced only from the original nucleic acid. The amount of the specific sequence increases 
exponentially. Thus, the specific sequence, will become the predominant species. This is illustrated in the 
following table, which indicates the relative amounts of the species theoretically present after n cycles, 
assuming 100% efficiency at each cycle: 



Mi 
INI 


jmber of Double Strands After 0 to n Cycles 


Cycle Number 


Template 


Long Products 


Specific Sequence [SJ 


0 
1 
2 
3 
5 
10 
15 

OA 

n 




1 
2 
3 
5 
10 
15 
20 
n 


0 
1 
4 
26 
1013 
32.752 
1.048,555 
<2"-n-1) 



' ml e ^ r r ded " UC,eiC K afcid is utifa9d as "» template, only one long product is formed per cycle 

aen^O^^ 0 ' this invenHon 9 enetic disea *** -"ay include specific deletions and/or mutations in 
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restriction enzyme, and analyzed via a Southern blotting technique. The use of non-radioactive probes is 
facilitated by the high level of the amplified signal. 

In another embodiment a small sample of DNA may be amplified to a convenient level and then a 
further cycle of extension reactions performed wherein nucleotide derivatives which are readily detectable 

5 (such as 32 P-labeled or biotin labelled nucleoside triphosphates) are incorporated directly into the final DNA 
product, which may be analyzed by restriction and electrophoretic separation or any other appropriate 
method. An example of this technique in a model system is demonstrated in Figure 5. 

In a further embodiment, demonstrated in a model system in Figure 3, the nucleic acid may be 
exposed to a particular restriction endonuciease prior to amplification. Since a sequence which has been cut 

jo cannot be amplified, the appearance of an amplified fragment despite prior restriction of the DNA sample, 
implies the absence of a site for the endonuciease within the amplified sequence. The presence or absence 
of an amplified sequence can be detected by an appropriate method. 

A practical application of this technique can be illustrated by its use in facilitating the detection of sickle 
ceil anemia via the oligomer restriction technique described, herein below and by R. Saiki et a!., 

is Bio/Technology . 3:1008-1012 (1985). Sickle cell anemia is a hemoglobin disease which is caused by a 
single base - pair 'change in the sixth codon of the 0-globin gene. Figure 6 illustrates the sequences of 
normal and sickle cell 0-globin genes in the region of their polymorphism, where the single bars mark the 
location of a Ddel site present only in the normal gene and where the double bars mark the location of a 
Hinfl site which is non-polymorphic and thus present in both the normal and sickle cell alleles. Figure 7 

20 illustrates the process of oligomer restriction of normal 0-globin DNA using a probe spanning both 
restriction sites and labeled where the asterisk appears. The DNA, amplified as provided herein, is 
denatured and annealed to the labeled probe. The enzyme Qdel cleaves the DNA at the reformed Ddel site 
and generates a labeled octamer. Under the conditions used in the test the octamer is short enough to 
dissociate from the duplex. The subsequent addition of the enzyme Hinfl has no effect on the now single- 

25 stranded octamer. Figure 8 illustrates the same process, applied to the sickle cell allele of 0-globin DNA. 
The enzyme Dde l cannot cleave the duplex formed by the amplified DNA and the labeled probe because of 
the A-A base pair mismatch.. The enzyme Hinfl, however, does restrict the hybrid and a labeled trimer is 
produced. In practice the method can diagnose the DNA of an individual as being either homozygous for 
the wild type, homozygous for the sickle type or a heterozygous carrier of the sickle cell trait, since a 

30 specific signal is associated with the presence of either allele. Use of this above-described method to 
amplify the pertinent sequence allows for a rapid analysis of a single copy gene using a probe with only a 
single *P label. 

Various infectious diseases can be diagnosed by the presence in clinical samples of specific DNA 
sequences characteristic of the causative microorganism. These include bacteria, such as Salmonella. 

as Chlamydia, Neisseria; viruses, such as the hepatitis viruses, and protozoan parasites, such as the 
Plasmodium responsible for malaria, U.S. Patent 4.358.535 issued to Falkow describes the use of specific 
DNA hybridization probes for the diagnosis of infectious diseases. A problem inherent in the Falkow 
procedure is that a relatively small number of pathogenic organisms may be present in a clinical sample 
from an infected patient and the DNA extracted from these may constitute only a very small fraction of the 

40 total DNA in the sample. Specific amplification of suspected sequences prior to immobilization and 
hybridization detection of the DNA samples could greatly improve the sensitivity and specificity of these 
procedures. 

Routine clinical use of DNA probes for the diagnosis of infectious diseases would be simplified 
considerably if nonradioactive^ labeled probes could be employed as described in EP 63,879 to Ward. In 
45 this procedure biotin-containing DNA probes are detected by chromogenic enzymes linked to avidin or 
biotin-specific antibodies. This type of detection is. convenient, but relatively insensitive. The combination of 
specific DNA amplification by the present method and the use of stably labeled probes could provide the 
convenience and sensitivity required to make the Falkow and Ward procedures useful in a routine clinical 
setting. 

.so The amplification process can also be utilized to produce sufficient quantities of DNA from a single 
copy human gene such that detection by a simple non-specific DNA stain such as ethidium bromide can be 
employed so as to make a DNA diagnosis directly. 

In addition to detecting infectious diseases and pathological abnormalities in the genome of organisms, 
the process herein can also be used to detect DNA polymorphism which may not be associated with any 

55 pathological state. 

The following examples are offered by way of Illustration and are not intended to limit the invention in 
any manner. In these examples all percentages are by weight if for solids and by volume if for liquids, and 
all temperatures are in degrees Celsius unless otherwise noted. 
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EXAMPLE I 



A 25 base pair sequence having the nucleotide 



sequence 



5j CCTCGGCACCGTCACCCTGGATGCT 3' 
3 GGAGCCG TGGCAGTGGGACC TACGA 5' 

FokJ.in accordance with £^£^3^ b?^ST? " V di9eSti " 9 pBR322 wi,h 

which were utilized were r «CC?S ™° 

us.ng conventional techniques. The following ingredients were add2 Hb£ 2 S ri ^ k- T* PWp,r ' d 

dATP. 22 nmo.es o, dCTP,,9 nmo.es TJ^oZZZZ nP~ *** °' " " 

heating. cooUng and synthes* steps wereTp^ie^n E£E2 C "" d "* tol 5 ^ 

triphosphate and 5 I^iK^Sl" P™*M*«-P» - deoxycytidine 
minutes. The labeled products were3Si hTnlt? W *" owod 10 proceed tor 15 

labeled in a similar fas^^nd s^TaSn M^ZE?? 9 ". f*"**™*''- Tha **■ digest was 
band visibie after the nl^ZtZl^^T^.^^^ ^ «*T**V labe.ed 



band visibie after the 13 cyc.es Was me intended 25 base pdr sequel 

30 EXAMPLE 2 



■Jsrssz; ^^1: ttrzzzr* ^ ^ 

sequence shown in Figure 1- ~ 9 an6m ' a * ™ e se ^ en <* "as the nucleotide 

Synthesis- of Primers 

The following two oiigooeoxyribonucteotide primers were prepared by the method described below: 

and 5 ' "CAGGGCAGTAACG 3" Primer A 

5' TTTGCTTCTGACACA 3' Primer B 

from the column and exposed to 1 ml concentrated^mnni ^Tl ? SUpP ° rt was removed 
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The band was excised and eluted with .1 ml distilled water overnight at 4*C. This solution was applied to an 
Altech RP18 column and eluted with a 7-13% gradient of acetonitrile in 1% ammonium acetate buffer at pH 
6.0. The elution was monitored by UV absorbance at 260 nm and the appropriate fraction collected, 
quantitated by UV absorbance in a fixed volume and evaporated to dryness at room temperature in a 
5 vacuum centrifuge. 

Characterization of Oligodeoxyribonucleotides: Test aliquots of the purified oligonucleotides were 32 P 
labeled with polynucleotide kinase and y-^P-ATP. The labeled compounds were examined by autoradiog- 
raphy of 14-20% polyacrylamide gels after electrophoresis for 45 minutes at 50 volts/cm. This procedure 
verifies the molecular weight Base composition was determined by digestion of the oligodeox- 
w yribonucleotide to nucleosides by use of venom diesterase and bacterial alkaline phosphatase and 
. subsequent separation and quantitation of the derived nucleosides using a reverse phase HPLC column and 
a 10% acetonitrile, 1% ammonium acetate mobile phase. 

II. Source of DNA 

15 

A. Extraction of Whole Human Wild-Type DNA 

Human genomic DNA homozygous for normal 0-globin was extracted from the cell line Molt4 (obtained 
from Human Genetic Mutant Cell Repository and identified as GM2219C) using the technique described by 
20 Stetler et aL. Proc. Nat. Acad. Sci. (1 982). 79:5966-5970. 

B. Construction of Cloned Globin Genes 

A 1.9 kb Bam HI fragment of the normal jS-globin gene was isolated from the cosmid pFCl 1 and 
25 inserted into the Bam HI site of pBR328 (Soberon, et aJ., Gene (1980) 9:287-305). This fragment, which 
encompasses the region that hybridizes to the synthetic 40-mer probe, includes the first and second exons, 
first intron, and 5' Hanking sequences of the gene (Lawn et al.. Cell (1978), 15:1157-1174). This clone was 
designated pBR328:HbA and deposited under ATCC No. 39,698 onMay 25, 1984. 

The corresponding 1.9 kb Bam HI fragment of the sickle celt allele of 0-giobin was isolated from the 
30 cosmid pFC12 and cloned as described above. This clone was designated pBR328:HbS and deposited 
under ATCC No. 39,699 on May 25. 1984. 

Each recombinant plasmid was transformed into and propagated in E. coli MM294 (ATCC No. 39,607). 

C. Digestion of Cloned Globin Genes with Mstll 

35 

A total of 100 ug each of pBR328:HbA and pBR328:HbS were individually digested with 20 units of 
Mstll (New England Biolabs) for 16 hours at 37* C in 200 ul of 150 mM NaCI, 12 mM Tris HCI (pH 7.5). 12 
mM MgCfe. 1 mM dithiothreitol (DTT), and 100 ug/ml bovine serum albumin (BSA). The products are 
designated pBR328:HbA/Mst» and pBR328:HbS/MstJI. respectively. 

40 

III. Polymerase Chain Reaction 

To 100 ul of buffer consisting of 60 mM sodium acetate, 30 mM Tris acetate and 10 mM magnesium 
acetate at pH 8.0 was added 2 ul of a solution containing 100 picomoles of Primer A (of the sequence d- 
45 (CACAGGGCACTAACG)). 100 picomoles of Primer B (of the sequence d (TTTG CTTCTG AC AC A)) and 1000 
picomoles each of dATP, dCTP, dGTP and TTP. In addition, one of the following sources of DNA described 
above was added: 

10 ug whole human wild-type DNA (Reaction I) 

0.1 picomole pBR328:HbA (Reaction II) 
so 0.1 picomole pBR323:HbS (Reaction III) 

0.1 picomole pBR328:HbA/Mstll (Reaction IV) 

0.1 picomole pBR328:HbS/Mstll (Reaction V) 

No target DNA (Reaction VI) 

Each resulting solution was heated to 100* C for four minutes and allowed to cool to room temperature 
55 for two minutes, whereupon 1 ul containing four units of Klenow fragment of E. coli DNA polymerase was 

added. Each reaction was allowed to proceed for 10 minutes, after which the cycle of adding the primers, 

nucleotides and DNA, heating, cooling, adding polymerase, and reacting was repeated nineteen times for 

Reaction I and four times for Reactions II- VI. 
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Four microliter aliquots of Reactions I and II removed before the first cycle and after the last cycle of 

mM ^DtT tSToK? !° ? 0089 M ■» borate * uS£ 

mM m EDTA. The gel was electrophoresed at 25 volts/cm for four hours, transferred to a nylon membrane 

5'd(TCCTGAGGAGAAGTCTGCC6TTACTGGCCTGTGGGGCAAGX}' 

in 30% formamide 3 x SSPE. 5 x Denhardfs, 5% sodium dodecyl sulfate at pH 7.4. Figure 2 is an 
au olograph of ft. probed nylon membrane for Reactions . and ... Lane 1 is 01 picomole of a sl£ 
synmet-c fragment control one strand of which is complementary * me above probe. Lane 2 is 4 To' 
2r?« 4°", 4 P ,7 °p rf? 60 " ^ 3 is 4 u. of Reaction I after the 200, amplification cycle. 
^T,% L, 76 ^P" 3 " l-ane 5 's a motecular weight standard consiS 

of a Fok. (New England 8K)labs) digest of P BR322 (New England Biolabs) labeled with al P ha-»P.dNTp1' 

ESSTT - , ' hat aftef CyC ' 88 "» reacaon mixh " e 1 « £ge amount o 

^ T " ,0leCU,ar We ' 9ht ^ 00 0ther de,ectabl9 P"***- faction ^i«ure II 

stown by L^e 4 Pr0dUCt 33 We " 38 "* S,artin9 nUC ' eiC 3Cid and 0,her produc,s ' as 

d^^Ji 0 ^' a "?i 0,S °! ReaCUOnS "' V ' aft6r ^ ,0urth cyc ' ,e were added 5 P mol « of each primer 
descnbed above. The solutions were heated to 100- C for four minutes and allowed to equilibrate to room 
temperature. Three pmoles each of alpha^P-dATP. alpha-^P-dCTP. alpha^P-dGTP and alpha-*P-TTP 
and four units of Klenow fragment were added. The reaction, in a final volume of 10 ul and at the salt 
concentrations given above, was allowed to proceed for 10 minutes. The polymerase activity was 
terminated by heating for 20 minutes at 60 -C. Four ul aliquots of Reactions ll-VI were loaded onto a 12% 
polyacrylamide gel I 0.089 M in Tris-borate buffer at P H 8.3 and 2.5 mM in EDTA. The gel was 
alectrophoresed at 25 volts/cm for four hours after which autoradiography was performed 

Figure 3 is an autoradiograph of the electrophoresis. Lane 1 is a molecular weight standard. Lane 2 is 
Reaction II, Lane 3 is Reaction III. Lane. 4 is Reaction IV and Lane 5 is Reaction V. Another tlr.e for 
"° ^JT™™ "° ima9es ,n of *• 'anes. It can be seen from the figure that 
!r B ^1^7 Pf ™ T * 6 tar9et ° NA W9S pr9Sent 0n| y " here irtact ONA sequences 

Tt£L ' ' ^ D pBR328:HbA 2). PBR328:HbS (Lane 3) artd P BR328:HbS/Mstl. - 
i^nfi^' °T S 8 ? 28 *** in ^ ^ sequence renderi "9 it incapable of "being 

pBR328.HbS does not cut when me plasmid .s digested with Mstll and thus is available tor amplification as 

snown in Lane 5. » — — 

Pm^flV- " ,USt T S S""' reaCti0n ,0r three CyCles in ■"PBVnQ 94-bp sequence. PC01 and 

^ , J^"™? nUmb8fS °" 9,9 ri9M indicate me cyc,es - wh8reas ambers on the left 

indicates the cycle number in which a particular molecule was produced. 

EXAMPLE 3 

h »J hi 1 S 1 ? XamP,e il,UStrateS amf>mca6on o' * HO bp sequence spanning the allelic Mstll site in the human 

nemogiouin gene. 

A '? ,al ^l' 0 ^ O9ram Wh0te human DNA - 100 P'con'oles d(ACACAACTGTGTTCACTAGC) and 100 

- 2, were dissolved in 100 ul of a solution which was: 
1 .5 mM in each of the four deoxyribonucleoside triphosphates 
30 mM in Tris acetate buffer at pH 7.9 
60 mM in sodium acetate 
10 mM in magnesium acetate 
0.25 mM in dithiothreitol 

^^T^ZT, h TV° ,0 °' C f ° r ° n8 minUt9 ^ br0UQht ^ t0 2S " C ,or 0(18 after 
^..h r J Um,S K,8n0W ,ra9m9nl °' ° NA PO'V^se. T"8 Pofymerase reaction was allowed to 

w« f^l^LT T H l !1 C - aftef Whfch * e 07018 0f hea,in 9' «*«■ Klenow. and reacting 

was repeated as often as desired. y 

dJ^ifn^ emCie ? C * u 9aCh CyC ' e ' 15 CyClGS r9SU,t9d in the synthesis of 14 femtomolaa of the 
desired 1 10 bp fragment of the 0-gtobin gene. 

EXAMPLE 4 
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This example illustrates amplification of a 240 bp sequence spanning the allelic Mstll site in the human 
hemoglobin gene. This sequence contains Ncol, Hinfl and Mstll restriction sites. — 

To 100 ul of a mixture of 60 mM sodium acetate, 30 mM Tris acetate and 10 mM magnesium acetate 
at pH 8.0 containing 0.1 pmole pBR328:HbA was added 2 ul of Solution A containing: 
1 00 pmoles d(GGTTGGCCAATCTACTCCCAGG) primer 
100 pmoles d(TAACCTTGATACCAACCTGCCC) primer 
1000 pmoles each of dATP, dCTP, dGTP and TTP 

The two primers were prepared by the technique described in Example 2. The solution was heated to 
100"C for four minutes and allowed to cool in ambient air for two minutes, after which was added 1 ul 
containing four units Klenow fragment of E. coli DNA polymerase, the reaction was allowed to proceed for 
10 minutes after which the cycle of solution A addition, heating, cooling, adding polymerase, and reacting 
was repeated three times. To a 5.0 ul aliquot of the reactions was added 5 picomoles of each 
oligonucleotide primer described above. The solution was heated to 100'C for four minutes and allowed to 
come to ambient temperature, after which 3 picomoles each of the alpha-^P-labeled deoxyribonucleoside 
triphosphates and 4 units Klenow fragment were added. The reaction, in a final volume of 10 ul and at the 
salt concentrations given above.was allowed to proceed for 10 minutes. The polymerase activity was 
terminated by heating for 20 minutes at 60 *C. Two ul aliquots were digested with Ncol. Mstll, or Hinfl and 
loaded onto a 12% polyacrylamide gel 0.089 M in Tris-borate buffer at pH 8.3 andTs rnivfin EDTA. The 
gel was electrophoresed at 25 volts/cm for four hours and autoradiography was performed. Figure 5 
illustrates the autoradiograph of the electrophoresis, where Lane 1 is the molecular weight standard, Lane 2 
is without digestion with enzyme (240 bp intact), Lane 3 is digestion with Ncol (131 and 109 bp), Lane 4 is 
digestion with Mstll (149 and 91 bp), and Lane 5 is digestion with Hinfl (I44~and;96 bp), the autoradiograph 
is consistent with the amplification of the 240 bp sequence. 
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This example illustrates use of the process herein to detect sickle cell anemia by sequential digestion. 

Synthesis and Phosphorylation of Oligodeoxyribo nucleotides 

A labeled DNA probe, RS06, of the sequence: 
5" "CTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGG 3 f 
where " indicates the label, and an unlabeled blocking oligomer, RS10. of the sequence 
3' GACAGAGGTCACCTCTTCAGACGGCAATGACGGGACACCC 5' 

35 which has three base pair mismatches with RS06 were synthesized according to the procedures provided in 
Example 2(l) The probe RS06 was labeled by contacting five pmole thereof with 4 units of T4 poly- 
nucleotide kinase (New England Biolabs) and 50 pmole 7 -32 p-ATP (New England Nuclear, about 7200 
Ci/mmole) in a 40 ul reaction volume containing 70 mM Tris buffer (pH 7.6). 10 mM MgCfe, 1.5 mM 
spermine, and 2.5 mM dithiothreitol for 90 minutes at 37 *C. The total volume was then adjusted to 100 ul 

40 with 25 mM EDTA and purified according tc the procedure of Maniatis et al., Molecular Cloning (1982), 464- 
465 over a t ml Bio Gel P-4 spin dialysis column from BioRad equilibrated with Tris- EDTA (TE) buffer (10 
mM Tris buffer, 0.1 mM EDTA, pH 8.0). The labeled probe was further purified by electrophoresis on a 18% 
polyacrylamide gel (19:1 aery lamide: BIS, BioRad) in Tris-boric acid-EDTA (TBE) buffer (89 mM Tris. 89 mM 
boric acid, 2.5 mM EDTA. pH 8.3) for 500 vhr. After localization by autoradiography, the portion of the gel 

45 containing the labeled probe was excised, crushed and eluted into 0.2 ml TE buffer overnight at 4* C. TCA 
precipitation of the reaction product indicated that the specific activity was 4.9 Ci/mmole and the final 
. concentration was 20 pmole/ml. 

The unlabeled RS10 blocking oligomer was used at a concentration of 200 pmole/ml. 

so Isolation of Human Genomic DNA from Cell Lines 

High molecular weight genomic DNA was isolated from the lymphoid cell lines Molt4, SC-1 and 
GM2064 using essentially the method of Stetler et al.. PNAS (1982). 79, 5966-5970 (for Molt4) and Maniatis 
et at.. Molecular Cloning (1982), 280-281. — 
55 Molt4 (Human Mutant Cell Repository, GM2219C) is a T ceil line homozygous for normal 0-globin and 
SC-1. deposited with ATCC on March 19. 1985. is an EBV-transformed B cell line homozygous for the 
sickle cell allele. GM2064 (Human Mutant Cell Repository, GM2064) was originally isolated from an 
individual homozygous for hereditary persistence of fetal hemoglobin (HPFH) and contains no beta- or 
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delta-globin gene sequences. All cell lines were maintained in RPMI-1640 with 10% fetal calf serum. 
Isolation of Human Genomic DNA from Clinical Bloo d Samples 

5 A clinical blood sample designated CH12 from a known sickle cell carrier (AS) was obtained from Dr. 
Bertram Lubin of Children's Hospital in Oakland, California. Genomic DNA was prepared from the buffy coat 
fraction, which is composed primarily of peripheral blood lymphocytes, using a modification of the 
procedure described by Nunberg et a!., Proc. Nat. Acad. Sci., 75, 5553-5556 (1978). 

The cells were resuspended in 5 ml Tris-EDTA-NaCI (TEN) buffer (10 mM Tris buffer pH 8. 1 mM 

io EDTA. 10 mM NaCI) and adjusted to 0.2 mg/ml proteinase K, 0.5% SOS, and incubated overnight at 37 *C. 
Sodium perchlorate was then added to 0.7 M and the lysate gently shaken for 1-2 hours at room 
temperature. The lysate was extracted with 30 ml phenol/chloroform (1:1). then with 30 ml chloroform, and 
followed by ethanol precipitation of the nucleic acids. The pellet was resuspended in 2 ml of TE buffer and 
RNase A added to 0.005 mg/ml. After digestion for one hour at 37 'C, the DNA was extracted once each 

1$ with equal volumes of phenol, phenol/chloroform, and chloroform, and ethanol precipitated. The DNA was 
resuspended in 0.5 ml TE buffer and the concentration was determined by absorbance at 260 nm. 

Polymerase Chain Reaction to Amplify Selectively l-Globin Sequ ences 

20 Two micrograms of genomic DNA was amplified in. an initial 100 ul reaction volume containing 10 mM 
Tris buffer (pH 7.5). 50 mM NaCI. 10 mM MgCfe, 150 pmole of Primer A of the sequence d- 
(CACAGGGCACTAACG), and 150 pmole of Primer B of the sequence d(CTTTGCTTCTGACACA) and 
overlayed with about 100 ul mineral oil to prevent evaporation. 

Each DNA sample underwent 15 cycles of amplification where one cycle is composed of three steps: 

25 1 ) Denature in a heat block set at 95 * C for two minutes. 

2) Transfer immediately to a heat block set at 30 *C for two minutes to allow primers and genomic DNA 
to anneal. 

3) Add 2 U.I of a solution containing 5 units of the Klenow fragment of E. coli DNA polymerase I (New 
England Biolabs) , 1 nmole each of dATP, dCTP, dGTP and TTP, in a buffer composed of 10 mM Tris, 

30 (pH 7.5), 50 mM NaCI, 10 mM MgCfe, and 4 mM dithiothreitol. This extension reaction was allowed to 
proceed for 10 minutes at 30* C. 

After the final cycle, the reaction was terminated by heating at 95 'C for two- minutes. The mineral oil 
was extracted with 0.2 ml of chloroform and discarded. The final reaction volume was 130 ttl. 

35 Hybridization/Digestion of Amplified Genomic DNA with Probes and Ddel/Hinfl 

Forty-five microliters of the amplified genomic DNA was ethanol precipitated and resuspended in an 
equal volume of TE buffer. Ten microliters (containing the pre-amplification equivalent of 154 ng of genomic 
DNA) was dispensed into a 1.5 ml Mlcrofuge tube and 20 ul of TE buffer to a final volume, of 30 ul. The 

40 sample was overlayed with mineral oil and denatured at 95 * C for 10 minutes. Ten microliters of 0.6 M NaCI 
containing 0.02 pmole of labeled RS06 probe was added to the tube, mixed gently, and immediately 
transferred to a 56* C heat block for one hour. Four microliters of unlabeled RS10 blocking oligomer (0.8 
pmole) was added and the hybridization continued for an additional 10 minutes at the same temperature. 
Five microliters of 60 mM MgCfe/0.1% BSA and 1 ul of Ddel (10 units, New England Biolabs) were added 

45 and the reannealed DNA was digested for 30 minutes at 56 *C. One microliter of Hinfl (10 units, New 
England Biolabs) was then added and incubated for another 30 minutes. The reaction~was stopped by the 
addition of 4 ul 75 mM EDTA and 6 ul tracking dye to a final volume of 61 ul. 

The mineral oil was extracted with 0.2 ml chloroform, and 18 ul of the reaction mixture (45 ng genomic 
DNA) was loaded onto a 30% polyacrylamide mini-gel (19:1. Bio Rad) in a Hoeffer SE200 apparatus. The 

so gel was electrophoresed at approximately 300 volts for one hour until the bromphenol blue dye front 
migrated to 3.0 cm off-origin. The top 1 .5 cm of the gel was removed and the remaining gel was exposed 
for four days with one intensification screen at -70 * C. 

Discussion of Autoradiograph (Figure 9) 

55 

Each lane contains 45 ng of amplified genomic DNA. Lane A contains Molt4 DNA; Lane B. CH12: Lane 
C, SC-1; and Lane D. GM2064. Molt4 represents the genotype of a normal individual with two copies of the 
& A gene per cell (AA). CH12 is a clinical sample from a sickle cell carrier with one 0 A and one j3 s gene per 
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cell (AS), and SC-1 represents the genotype of a sickle cell individual whith two copies of the 0 s gene per 
cell (SS>. GM2064. which contains no beta- or delta-globin sequences, is present as a negative control. 

As seen in the autoradiogram, the Ddel-cleaved. 0 A -specific octamer is present only in those DNA's 
containing the 0 A gene (Lanes A and B) and the Hinfl-cleaved, 0 s -specific trimer is present only in those 
5 DNA's containing the 0 s gene (Lanes B and C). The presence of both trimer and octamer (Lane B) is 
diagnostic for a sickle cell carrier and is distinguishable from a normal individual (Lane A) with only octamer 
and a sickle cell afflicted individual (Lane C) with only trimer. 

As a comparison, repeating the experiment described above using non-amplified genomic DNA 
reveaJed that the amplification increased the sensitivity of detection by at least 1000 fold. 

70 

EXAMPLE 6 



This example illustrates direct detection of a totally unpurified single copy gene in whole human DNA 
on gels without the need for a labeled probe. 
is Using the technique described in Example 3, a 110-bp fragment from a sequence in the first exon of 
the beta-globin gene was amplified from 10 micrograms of whole human DNA after 20 cycles. This 1 10*bp 
fragment produced after 20 cycles was easily visualized on gels stained with ethidium bromide. 

The sequence was not amplified when it was first cut with the restriction enzyme Ddel unless, as in the 
beta-globin S allele, the sequence does not contain the restriction site recognized by the~enzyme. 

20 

EXAMPLE 7 

A. A total of 100 fmofes pBR328 containing a 1.9 kb insert from the human beta-globin A allele, 50 
nmoles each alpha-32P-dNTP at 500 Ci/mole f and 1 nmole of each of the primers used in Example 3 

25 were dissolved in a solution containing 100 ul 30 mM Tris-acetate at pH 7.9, 60 mM sodium acetate. 100 
mM dithiothreitol, and 10 mM magnesium acetate. This solution was brought to 100' C for two minutes 
and cooled to 25* C for one minute. A total of 1 ul containing 4.5 units Klenow fregment of E. coli DNA 
polymerase I and 0.09 units inorganic pyrophosphatase was added to prevent the possible build-up of 
pyrophosphate in the reaction mixture, and the reaction was allowed to proceed for two minutes at 25* C, 

30 after which the cycle of heating, cooling, adding enzyme, and reacting was repeated nine times. Ten-u) 
aliquots were removed and added to 1 ul 600 mM EDTA after each synthesis cycle. Each was analyzed 
on a 14% polyacrylamide gel in 90 mM Tris-borate and 2.5 mM EDTA at pH 8.3 and 24 volts/cm for 2.5 
hours. The completed gel was soaked for 20 minutes in the same buffer with the addition of 0.5 ug/ml 
ethidium bromide, washed with the original buffer, and photographed in UV light using a red filter. 

35 THe 110-bp fragment produced was excised from the gel under ultraviolet light and the incorporated 

K P counted by Cerenkov radiation. An attempt to fit the data to an equation of the form: pmoles/10 ul = 
0-01 [(1 +y) N -yN-l], where N represents the number of cycles and y the fractional yield per cycle, was 
optimal with y = 0.619. This indicates that a significant amplification is occurring. 

B. The above experiment was repeated except that 100 nmoles of each dNTP was added to a 100 ul 
40 reaction, no radiolabel was employed, and aliquots were not removed at each cycle. After 10 cycles the 

reaction was terminated by boiling for two minutes and rehybridization was performed at 57 • C for one 
hour. The sequence of the 110-bp product was confirmed by subjecting 8 ul aliquots to restriction 
analysis by addition of 1 ul bovine serum albumin (25 mg/ml) and 1 ul of the appropriate restriction 
enzyme (Hinfl, Mnll, Mstll. Nco l) and by reaction at 37 *C for 15 hours. PAGE was performed as 
45 described above. 

EXAMPLE 8 

This example illustrates the use of different primers to amplify various fragments of pBR328 and 322. 
so A. The experiment described in Example 7A was repeated except using the following primers: d- 
(TTTGCTTCTGACACAACTGTGTTCACTAGC) and d(GCCTCACCACCAACTTCATCCACGTTCACC) to 
produce a 130-bp fragment of pBR328. 

B. The experiment described in Example 7A was repeated except using the following primers: d- 
(GGTTGGCCAATCTACTCCCAGG) and d(TGGTCTCCTTAAACCTGTCTtG) to produce a 262-bp frag- 

55 ment of pBR328. The reaction time was 20 minutes per cycle. 

C. The experiment described in Example 88 was repeated except that 100 fmoles of an Mstll digest of 
pBR328 containing a 1 .9 kb insert from the human beta-globin S allele was used as initial template. This 
plasmid was cleaved several times by Mst ll but not inside the sequence to be amplified. In addition, the 
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primers employed were as follows; 



d{ GGTTGGCCAATCTACTCCCAGG) and 
d(TAACCTTGATACCAACCTGCCC) 

to produce a 240-bp fragment. 

oBM^ITh T? 1 *? ST 919 78 W3S repeat0d except »* 100 o» •» Nrul digest of 

d(TA66CGTATCAC6AG6CCCT) and 
d(CTTCCCCATCGGTGATGTCG) 

to produce a 500-bp fragment from OBR322. Reaction times were 20 minutes per cycle at 37-C Final 
rehybnd.zation was 15 hours at 57- C. Electrophoresis was on a 4% agarose gel 

EXAMPLE 9 

.ampSisSent il,U ^ ateS ' nVenti0n Pr0C8S? Wh9r9i " ^ Vrtr0 mU,a,i00 is introduced into 
A. A total of 100 fmoles of pBR322 linearized with Nrul. 1 nmote each of the primers: 

d(CGCATTAAAGCTTATCGATG) and i 
d ( TAGGCGTATCAC GAGGCCC T ) 

S*1 «r^' I 5 "^ 1 fra9ment - 100 each ^TP. in 100 ul 40 mM Tris at P H 8, 20 mM in 

k 9 J ™ .> d f ,th!0 • ,,,r9rto, • ^ 5 m 9/ ml serum albumin were combined. The mixture w* 

b ought to too -C for one minute, copied for 0.5 minutes in a water bath at 23- C. whereupon 4 5 unto 
Klenow fragment and 0.09 units inorganic pyrophosphatase were added, and a reaction waTaltow* to 
proceed for three minutes. The , cycle of heating, cooling, adding enzymes, and £S^Z!Z££ 
nme dmes. The tenth reaction cycle was. terminated by freezing and an frul alioSt ofTe 32 
mixture was applied to a 4% agarose gel visualized with ethidium bromide 

emptoJed^eT 8 " 1 WaS 8XCept mat 1,10 ^"cleotide primers 

d(CGCATTAAAGCTTATCGATG) and 

d(AATTAAtACGACfCACTATAGGGAGATAGGCGTATCACGAGGCCCT) 

These primers are designed to produce a 101-bp fragment 26 nucleotides of which (in the second listed 

^iSF** " UC « * rePreS9nt ^ S9qU9nC9 * ,h9 17 P~ S 

Id EES? ^P^ence from pBR322 by using the primer with 20 complementary bases 

m« rl^T™ TTt Pf0C9dUre f9qUired 1988 man «"° hours and P«^^ed two picomo.es ol 
the relatively pure 101-bp fragment from 100 fmoles of pBR322 

bp zZuZZz^t^r ,ranscripaon - 17 po,ymerase may 09 — * - 1 °- 

a^Zd^Jrr 80 ^ reP9ated 9XCep, that 1,19 o«9onuc,eo«de primers 

d<TAGGCGTATCACGA<3GCCCT) and 

d(CCAGCAAGACGTAGCCCAGC) 

to produce a 1000-op fragment from pBR322 

ZSZ^JS* 10 EXamPte 90 ^ r6Peated th3t 1,19 primers 

d(TAGGCGTATCACGAGGCCCT) and 

d(AAtTAATACGACTCACTATAGGGAGATAGGCGTATCACGAGGCCCT) 
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so as to Produce a 1026-bp fragment. 26 nucleotides, of which (in the second listed primer) are not 
present ,n pBR322 and represent the T7 promoter described above. The promoter has been inserted 
adjacent to a !00O-bp fragment from pBR322. 

The results indicate that a primer which is not a perfect match to the template sequence but which is 
nonetheless able to hybridize sufficiently to be enzymaticaily extended produces a long product which 
contams the sequence of the primer rather than the corresponding sequence of the original template 
The long product serves as a template for the second primer to introduce an in vitro mutation. In further 
cycles th.s mutation is amplified with an undiminished efficiency, because no further mispaired primings 
are required. In th.s case, a primer which carries a non-complementary extension on its 5' end was used 
to insert a new sequence in the product adjacent to the template sequence being copied. 
E. Because the reaction with polymerase generates pyrophosphate and is theoretically reversible 
(Komberg, A.. DNA Replication, W\ H. Freeman. San Francisco. 1980). the effect of including an 
inorganic pyrophosphatase to avoid potential pyrophosphorotysis of the product was examined Qualita- 
tive polyacrylamide gel electrophoresis examination of reactions plus and minus pyrophosphatase 
demonstrated a minor but significant increase in homogeneity of product as a result of the inclusion of 
this enzyme. 

EXAMPLE 10 

This example illustrates employing nested sets of primers to decrease the background in the amplifica- 
tion of single copy genes. 

Whole human DNA homozygous for the wild-type betaglobin allele was subjected to twenty cycles of 
amplification as follows: A total of 10 ug DNA, 200 picomoles each, of the primers: 

d ( ACACAAC TGTGTTCACTAGC ) and 
d ( C AACTTCATCCACGTTCACC) 

and 100 nanomoles each dNTP in 100 ul of 30 mM Tris-acetate pH 7.9, 60 mM sodium acetate. 10 mM 
dithiothreitol. and 10 mM magnesium acetate were heated to 100 * C for one minute, cooled to 25 ■ C for one 
minute, and treated with 2 units Klenow fragment for two minutes. The cycle of heating; cooling and adding 
Klenow was repeated 19 times. A ten-ul aliquot was removed from the reaction mixture and subjected to a 
further ten cycles of amplification using each of the primers: 

d ( CAGACACCATGGTGCACCTGACTCC TG) and 
d(CCCCACAGGGCAGTAACGGCAGACTTCTCC) ( 

which amplify a 58-bp fragment contained within the 110-bp fragment produced above. This final ten cycles 
of amplication was accomplished by diluting the 10-ul aliquot into 90 ul of the fresh Tris-acetate buffer 
descnbed above containing 100 nanomoles each dNTP and 200 pmoles of each primer. Reaction conditions 
were as above. After ten cycles a tO-ul aliquot (corresponding to 100 nanograms of the original DNA) was 
applied to a 6% NuSieve (FMC Corp.) agarose gel and visualized using ethidium bromide. 

Figure 10 illustrates this gel illuminated with UV light and photographed through a red filter as is known 
in the art. Lane 1 is molecular weight markers. Lane 2 is an aliquot of the reaction described above. Lane 3 
is an aliquot of a reaction identical to that described above, except that the original wild-type DNA was 
cleaved with Ddei pr ior to amplification. Lane 4 is an aliquot of a reaction identical to that described above 
except that human DNA homozygous for the sickle betaglobin allele was treated with Ddel prior to 
amplification (the sickle allele does not contain a Ddel site in the fragment being amplified heTeTLane 5 is 
an aliquot of a reaction identical to that described above, except that salmon sperm DNA was substituted for 
human DNA. Lane 6 is an aliquot of a reaction identical to that described above, except that the aliquot was 
treated with Ddel after amplification (Ddel should convert the 58-bp wild-type product into 27-and 31 -bp 
fragments). Lane 7 is an aliquot of the Lane 4 material treated with Ddel after amplification (the 58-bp sickle 
product contains no Ddel site). M 

Detection of a 58-bp fragment representative of a single-copy gene from one microgram of human DNA 
usLTig only ethidium bromide staining of an agarose gel requires an amplification of about 500 000-fold This 
was accomplished by using the two nested sets of oligonucleotide primers herein. The first set amplifies the 
110-bp fragment and the inner nested set amplifies a sub-fragment of this product up to the level of 
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convenient detection shown in Figure 10. This procedure of using primers amplifying a smaller sequence 
contained within the sequence being amplified in the previous amplification process and contained in the 
extension products of the other primers allows one to distinguish the wild-type from the sickle allele at the 
betaglobin locus without resorting to either radioisotopic or otherwise cumbersome methodology such as 
5 that of Conner et ai., PNAS {USA), 80:278 (1983) and leary et al M PNAS (USA), 80;4045 (1983). 

EXAMPLE 11 

The present process is expected to be useful in detecting, in a patient DNA sample, a specific 
10 sequence associated with an infectious disease such as. e.g.. Chlamydia using a btotinytated hybridization 
probe spanning the desired amplified sequence and using the process described in U.S 4,358,535, supra. 
The biotinylated hybridization probe may be prepared by intercalation and irradiation of a partiaJly double- 
stranded DNA with a 4'-methylene substituted 4,5'-8-trimethylpsoralen attached to biotin via a spacer arm of 
the formula: 



R R M 
I i 
-N-(CH 2 ) 2 .0-[CH 2 ) x 0] y -CH 2 CH 2 .N- 

20 

where R is -H or a -CHO group, R" is -H, x is a number from 1 to 4, and y is a number from 2 to 4, as 
described by .EP 156,287. Detection of the biotinyl groups on the probe may be accomplished using a 
streptavidin-acid phosphatase complex commercially obtainable from Enzo Biochemical using the detection 
25 procedures suggested by the manufacturer in its brochure. The hybridized probe is seen as a spot of 
precipitated stain due to the binding of the detection complex, and the subsequent reaction catalyzed by 
acid phosphatase, which produces a precipitable dye. 

EXAMPLE 12 1 

30 

This example illustrates the. use of the process herein to prepare the TNF gene of 494 base pairs 
. starting from two oligonucleotides of 74 base pairs each. 

PRIMERS 

35 

The primers employed were prepared by the method described in Example 2 and are identified below, 
each being 74 mers. . 

M (TN10) 5' -CCTCGTCTACTCCCA6GTCCTCTTCAA66GCCAAG6CTGCCCCGACTAT6TGCTCCTCA- 
CCCACACCGTCAGCC-3* 

( TNI 1 ) 5' -GGCAGGGGCTCTTGACGGCAGAGAGGAGGTTGACCTTCTCCTGGTAGGAGATGGCGAAG- 
CGGCTGACGGTGTGG-3' 

(LL09) 5' -CCTGGCCAATGGCAT66ATCT6AAAGATAACCAGCTGGTGGTGCCAGCAGATGGCCTGT- 
ACCTCGTCTACTCCC-3* 



50 
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(111?) S'.CTCCCTGATAGATGGGCTC^TACGAGGGCTTGAGCTCAGCCCCCTCTGGGGTGTCCTTC- 
GGGCAGGGGCTCTTG-3* 



(TN08) S'-TGTAGCAAACCATCAAGTTGAGGAGCAGCTCGAGTGGCTGAGCCAGCGGGCCAATGCCC- 
TCCTGGCCAATGGCA- 3' 

(TNI 3) S'-GATACTTGGGCAGATTGACCTCAGCGCTGAGTTGGTCACCCrTCTCCAGCTGGAAGACC- 
CCTCCCTGATAGATG-3' 



(LL07) S'-CCTTMGCTTAT'GCTCAGATCATCTTCTCAAAACTCGAGTGACAAGCCTGTAGCCCATG. 
TTGTAGCAAACCATC-3* 

TS (TNI 4) S'-GCTCGGATCCTTACAGGGCAATGACTCCAAAGTAGACCTGCCCAGACTCGGCAAAGTCG- 
AGATACTTGGGCAGA- 3 ' 



20 OVERALL PROCEDURE 

I. Ten cycles of the protocol indicated below were carried out using primers TH10 and TN11. which 
interact as shown in the diagram below, step (a). 

II. A total of 2 ul of the reaction mixture from Part I above was added to the primers LL09 and LL12. The 
as protocol described below was carried out for 15 cycles, so that the primers would interact with the 

product of Part I as shown in the diagram below, step (b). 

III. A total of 2 ul of the reaction mixture from Part II above was added to the primers TN08 and TNI 3. 
The protocol described below was carried out for 15 cycles, so that the primers would interact with the 
product of Part II as shown in the diagram below, step (c). 

30 IV. A total of 2 ul of the reaction mixture from Part III above was added to the primers LL07 and IL14. 
The protocol described below was carried out for 1 5 cycles, so that the primers would interact with the 
product of Part II) as shown in the diagram below, step (d). 

PROTOCOL 

35 

Each reaction contained 100 ul of: 

2 mM of each of dATP, dCTP, DGTP and TTP 

3 uM of each of the primers used at that step 

1 x polymerase buffer, (30 mM Tris-acetate, 60 mM Na-acetate, 10 mM Mg-acetate, 2.5 mM 
40 dithiothreitol) Each cycle constituted: 

1 ) 1 min. in boiling water 

2) 1 min. cooling at room temperature 

3) add 1 ul (5 units) of the Klenow fragment of ONA polymerase 

4) allow the polymerization reaction to proceed for 2 min. For the next cycle start again at step 1 . 

45 

DIAGRAM 
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a) 



5 1 TN10 > 

< " 5' TNI 1 

. 4 

~> xxxxxxx product from Part I 



xxxxxxxxxx<- 



b) 

5' LL09- 



xxxxxxxxxx 4 - 5' 

5'TNIO ^ xxxxxxxxxx 

f — V III? 



i 



5' LL09 ^ xxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx i - 5* JH\\ 

-intermediate state + 

S* TNIO- xxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx — - — 5* LL12 

only the sequence between 5' of 
LL09 and 5' .of LL12-. wt 1 1 be full 
length. The .strands that con- 
tain TNIO and TN11 have non- 
growing 5' ends. Thus... 

5 ll09 l777Z > xxxxxx ^«xxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx^- 5 » LL12 

This is the product of Part II 

O • 

5'TN08 ^ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx^ ■ — 5' LL13 

5 ' LL09 *xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

-5' TN13 



same intermediate schema as (b.) 



5 TN08 **xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx^ 5* TNI 3 

This is the product from Part III 
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5' LL07 



-9 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx<— 

+ 

S' TN08 ^ xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 



5' TM13 



5' TN14 

same intermediate schena as (b) an4 (c) 

5* LL07 ^ 

^xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx* 

(TNF gene) 



5' TN14 



The cell line SC-1 (CTCC #0082) was deposited on March 19, 1985 with the American Type Culture 
Collection (ATCC), 12301 Parklawn Drive. Rockville. Maryland 20852 USA, with ATCC Accession No 
CRU8756. 

In summary, the present invention is concerned with amplifying one or more specific nucleic acid 
sequences using a chain reaction in which primer extension products are produced which can subsequently 
act as templates for further primer extension reactions. The process is especially useful in detecting nucleic 
acid sequences which are initially present in only very small amounts. 

It will be appreciated that the process may be used for the amplification of any desired nucleic acid 
sequence. Examples of such sequences include human HLA, DQ, DR or DP-a and -0 genes, N-ras 
oncogenes and TNF genes, or part or modified sequences thereof (e.g. using selected deletions or 
substitutions). 

Claims 

1. Means for exponentially amplifying at least one specific nucleic acid sequence contained in a nucleic 
acid or a mixture of nucleic acids wherein each nucleic acid consists of two separate complementary 
strands, of equal or unequal length, or is single-stranded, which means comprise primer for each 
different specific nucleic acid sequence being amplified selected so as to provide a primer which is 
substantially complementary to each of the different strands of each specific sequence being amplified. 

2. Means according to claim 1 characterized in that said specific nucleic acid sequence is contained 
within a larger sequence. 

a Means according of claim 1 or 2 characterized in that said specific nucleic acid sequence is DNA or 
RNA, including messenger RNA, which DNA or RNA may be single-stranded or double-stranded or is 
a DNA- RNA hybrid. 

4. Means according to any one of claims 1 - 3 characterized in that said specific nucleic acid sequence is 
. genomic DNA. • 

5. Means according to any one of claims 1 - 4 characterized by comprising a collection of primers for 
each strand of the specific nucleic acid being amplified, at least one of said primers is substantially 
complementary to said strand. 

6. Means according to any one of claims 1 • 5 characterized by primer containing about 7 - 25 
nucleotides or more. 



r . Means according to any one of claims 1 - 6 characterized in that at least one primer contains a 
nucleotide sequence attached to the 5'-end which sequence is non-complementary to the correspond- 
ing strand of the specific nucleic acid being amplified. 
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8. Means according to any one of claims 1 c ^ 

with bases or a nuc.eoude ^ ^L ^ZTnZ^l " ^ P *"« iS 
. .he corresponding strand of the'spedfic n^T^ ^T^T'™ "* ™*™*™«»>V <° 

5 9 ' •S^S^jSS'^ ' ^ "» — P— ry nucleotide seance is a 

10. Means according to any one of claims 1 9 
^ which wil. function to accomplish the synthe'sis of S^n^Zu^" 9 " indUCi " 9 ^ 

aoenn, an enzyme sefected from E. 
«^.^^ rt ^^ Ks5r another 

n 12. Mean, accord to any one of claims , . „ characterized by further coming Cerent nucleotides 

13. Means according to claim , 2 charactered by comprising readily detectable nucleotide, 

14. Means according to any one of claims 1 - 13 characterized h„ ^ 

» class known as helicases. cnaractenzed by further comprising an enzyme from the 

1a The use of the means according to any one of claim* 1 u ^ * 

parifcula, nucleic acid such as D 9 NA or l^Zl L^ZSE^SS" " ^ ' 

> 17 ' ^£5^^ ,0 " - 1 - 14 * -pHfying a Urge, sequence to . 



t chemical synthesis. 

" 1 * s^i^* aCC ° ,d,n9 t0 ^ °" e * C,aims ' - « ***»*, in vitro mutations , 



into a 
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^ ^"S^-Z^^ anovor 
caused by bacteria, viruses and p ro to«Tp^ite 8 ^n^T diS98SeS such 38 ,ho «> 

specc demons and/or ^^^^JT^^Z^'^ * 
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FIG.1 



Double-Stranded 94-bp Sequence 

TTTGC TTCTGACACA ACTGTGTTCA CTAGCAACCT - 
AAACG AAGACTGTGT TGACACAAGT GATCGTTGGA 



Ncol 
V 



Hinfl Mstll 
V V 



CAAACAGACA CCATGGTGCA CCTGACTCCT 
GTTTGTCTGT GGTACCACGT GGACTGAGGA 



GAGGAGAAGT 

CTCCTCTTCA 

Allelic base 
pair ONA 
polymorphism 



CTGCCGTTAC TGCCCTGT6 
GACGGCAATG ACGGGACAC 
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FIG.6 



p A CA TGG TGC ACC TGAC TCC TGAGGAGAAG TC TGCCG TTAC TGCCC TG TGGGGCAAGG TGAA 
G TACCACG TGGAC TGAGGAC TCC TC TTCAGACGGGAA TGACGGGACACCCCG TTCCAC TT 



f3 S CA TGG TGC ACC TGAC TCC TG TGGAGAAG TC TGCCG TTAC TGCCC TG TGGGGCAAGG TGAA 
G TACCACG TGGAC TGAGGAC ACC TC TTCAGACGGCAA TGACGGGACACCCCG TTCCAC TT 



* Marks the mutation (A to T) 1n the sickle cell gene which disrupts 
the Odel site 
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FIG.7 



-GACTCCTGAG- 
-C TGAGGAC TC- 



denature 
anneal to probe 



* GACTCC TGAG- 

C TGAGGAC TC- 



(8-mer) * — GACTCC 



-C TGAGGAC T 



-GACTCC 



-pHobe 



digest with Odal 



TGAG- 



dlgest with Hlnfl 



TGAG- 

-C TGAGGAC T C- 



* is label 
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FIG.8 



-GACTCCTGTG- 
-C TGAGGACAC- 



denature 
anneal to probe 



* — GACTCCTTG G- 

— CTGAGGAC C- 

A 



* — GACTCCTG G- 

CTGAGGAC C- 

A 



-probe 



digest with Odel 



digest with Hinfl 



(3-mer) * — G ACTCCTG G- 

— -CTCA GGAC C- 

A 



* is label 
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FIG.9 
A B C D 




8-MER 
3-MER 
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FIG. IO 
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